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Description 
CHIP DICING 

Background of Invention 

[0001] i Technical Field 

[0002] The present invention relates to chip dicing methods, and 
more particularly, to a chip dicing method that yields 
chips less susceptible to cracking. 

[0003] 2. Related Art 

[0004] | n fabricating semiconductor chips, in order to reduce in- 
terconnect RC (Resistance-Capacitance) delays, reduce 
crosstalk between adjacent metal lines, and reduce power 
consumption of the chips, low-K (K is dielectric constant) 
materials are used as dielectric materials instead of tradi- 
tional dielectric materials such as silicon dioxide. How- 
ever, low-K materials are generally more brittle and less 
adhesive than traditional dielectric materials. This aggra- 
vates the cracking problem during the packaging step. 
The cracking problem happens when different layers of a 
chip separate, especially at the chip"s corners, due to 



thermal expansion mismatch of materials of the different 
layers of the chip. This cracking problem is more likely to 
occur during the packaging step because this step usually 
involves subjecting the chip to different temperatures in 
order to thermally cure some materials in the chip. It has 
been determined that this cracking problem usually hap- 
pens at corners of the chip where stress is greatest com- 
pared with the remaining region of the chip. 
[0005] Therefore, there is a need for a structure of a novel semi- 
conductor chip that is less susceptible to cracking than 
that of prior art. Also, there is a need for a method for 
fabricating the novel semiconductor chip. 
Summary of Invention 

[0006] jhe present invention provides a method for cutting a 

chip from a wafer. The method comprises the step of cut- 
ting around the chip along a plurality of straight-line cut 
segments such that all resulting corners of the chip after 
cutting have an angle greater than 90°. 

[0007] jhe present invention also provides a semiconductor chip 
structure. The structure comprises a plurality of straight- 
line cut segments around the chip such that all angles of 
corners of the chip are greater than 90°. 

[0008] jhe present invention also provides a method of dicing, 



comprising the steps of (a) providing a wafer comprising a 
plurality of chips sharing chip boundary lines, and (b) for 
each chip of the plurality of chips, cutting around the chip 
along a plurality of straight-line cut segments such that 
resulting corners of the chip after cutting are all greater 
than 90°. 
Brief Description of Drawings 

[0009] FIG. 1 illustrates a top view of a wafer comprising multiple 
chips, in accordance with embodiments of the present in- 
vention. 

[0010] FIG. 2 illustrates a top view of one of the chips of FIG. 1, 
in accordance with embodiments of the present invention. 

[001 1] FIG. 3 illustrates a cross sectional view of the chip of FIG. 
2, in accordance with embodiments of the present inven- 
tion. 

Detailed Description 

[0012] The semiconductor industry generally refers to K 

(dielectric constant) values below 3.9 (which is the K value 
for Si02) as low. Although the present invention is most 
useful for the case where K < 3.5, the present invention is 
applicable for any value of K. 

[0013] FIG. 1 illustrates a top view of a wafer 100, in accordance 



with embodiments of the present invention. Illustratively, 
the wafer 100 comprises six chips 110.1, 110.2, 110.3, 
110.4, 110.5, and 110.6. The chip 110.1 has a rectangu- 
lar shape with four right-angle chip boundary corners XI, 
X2,X5, and X4. Each of the other chips 110.2, 110.3, 
110.4, 110.5, and 110.6 has a similar shape. The chips 
110.1, 110.2, 110.3, 110.4, 110.5, and 110.6 are identi- 
cal and are arranged in three rows and two columns. 

[OO 14 ] FIG. 2 illustrates a top view of the chip 110.1 of FIG. 1, in 
accordance with embodiments of the present invention. In 
one embodiment, a laser beam 220 generated by a laser 
dicing system 210 is used to cut the chip 110.1 out from 
the wafer 100 (FIG. 1). The other chips 110.2, 110.3, 
110.4, 110.5, and 110.6 (FIG. 1) are cut out of the wafer 
100 in a similar manner. In one embodiment, the cutting 
(i.e., dicing) of the chip 110.1 out of the wafer 100 goes 
through from top to bottom of the wafer 100 (i.e., 
through the entire thickness of the wafer 100). 

[0015] | n one embodiment, the cutting starts at point Al and 

continuously goes through points A2, A3, A4, Bl, B2, B3, 
B4, CI, C2, C3, C4, Dl, D2, D3, D4, and returns to point 
Al, in a series of straight-line cut segments around the 
chip 110.1. It can be seen that all the resulting corners 



Al, A2, A3, A4, Bl, B2, B3, B4, CI, C2, C3, C4, Dl, D2, 
D3, and D4 of the chip 110.1 are less sharp than in prior 
art where chips have 90° (right-angle) corners. In other 
words, all the angles of the resulting corners Al, A2, A3, 
A4, Bl, B2, B3, B4, CI, C2, C3, C4, Dl, D2, D3, and D4 of 
the chip 110.1 are greater than 90°. The angle of a chip 
corner is defined by two consecutive straight-line cut 
segments accepting that chip corner as a common point. 
For example, the angle al of the chip corner Al is defined 
by two consecutive straight-line cut segments D4A1 and 
A1A2 which accept the chip corner Al as a common point. 
As a result of the angles of the resulting chip corners be- 
ing less sharp, stress between different layers of the chip 
110.1 at its corners after dicing (i.e., after being cut from 
the wafer) is reduced. Therefore, during packaging or 
other processes involving temperature changes, the chip 
110.1 is less likely to crack at its corners than those of 
prior art. 

[0016] | n one embodiment, at each of the original right-angle 
chip boundary corners XI, X2, X5, and X4 of the chip 
110.1, the cutting goes through straight-line cut seg- 
ments of equal lengths and makes a change in direction at 
the same angle. For instance, at point Al, the cutting can 



steer to the right 22.5° (i.e., 90°/4) from the northern di- 
rection and continuously goes to A2. At point A2, the cut- 
ting can steer to the right 22.5° from the current direction 
and continuously goes to A3. At point A3, the cutting can 
steer to the right 22.5° from the current direction and 
continuously goes to A4. At point A4, the cutting can 
steer to the right 22.5° from the current direction and 
continuously goes to Bl, and so on until the cutting re- 
turns to point Al. Here, all the cut segments A1A2, A2A3, 
A3A4, B1B2, B2B3, B3B4, C1C2, C2C3, C3C4, D1D2, 
D2D3, and D3D4 are equal in length. As a result, the an- 
gles of the resulting chip corners Al, A2, A3, A4, Bl, B2, 
B3, B4, CI, C2, C3, C4, Dl, D2, D3, and D4 are equal (i.e., 
al = oc2 = oc3 = oc4 = pi = p2 =33 = 34 = Xl= X2 = A3 
= X4 = 04 = 03 = 02 = 01). 

[0017] | n one embodiment, the cutting described supra is all per- 
formed by the laser beam 220 generated by the laser dic- 
ing system 210. After the chip 110.1 is cut out from the 
wafer 100, the other chips 110.2, 110.3, 110.4, 110.5, 
and 110.6 are also cut out, one after another, from the 
wafer 100 in a similar manner. 

[0018] | n an alternative embodiment, the cutting does not have 
to be finished with one chip before moving to the next 



chip. The cutting can leave a chip unfinished and later 
come back to that chip to cut it out. For example, the cut- 
ting can be performed for some segments of a first chip, 
then for some segments of a second chip, then back for 
some other segments of the first chip, and so on. 

[0019] | n one embodiment, the cutting does not go continuously 
as described above. For instance, the cutting can start at 
Al and go continuously to A2. Then, the cutting can jump 
to point Bl and go continuously to B2. 

[0020] in one embodiment, the cutting is performed in the same 
manner as described above except that the straight-line 
cut segments on the chip boundaries abutting neighbor- 
ing chips are left out (intact) so that they (the left out 
straight-line cut segments) can be cut later using other 
less expensive methods. For instance, a saw dicing system 
230 (FIG. 2) having a saw blade 240 can be used to cut 
along the chip boundary lines and through the entire 
thickness of the wafer 100. More specifically, for the wafer 
100 of FIG. 1, after the laser dicing is done for the 
straight-line cut segments not on the chip boundary lines, 
the saw dicing system 240 can be used to make 4 hori- 
zontal straight-line cuts along 4 horizontal chip boundary 
lines X1X3, X4X6, X7X9, and X10X12 and make 3 vertical 



straight-line cuts along 3 vertical chip boundary lines 
X1X10, X2X11, and X3X12 across the wafer 100. As a re- 
sult, with reference to FIGs. 1 and 2, the straight-line cut 
segments D4A1, A4B1, B4C1, and C4D1 of the chip 110.1 
which are on the chip boundary lines X1X10, X1X3, 
X2X11, and X4X6, respectively, are cut through by the saw 
blade 240. 

[0021] FIG. 3 illustrates a cross sectional view along line 3-3 of 
the chip 110.1 of FIG. 2, in accordance with embodiments 
of the present invention. Illustratively, the chip 110.1 has 
an substrate layer 310, an FEOL (Front End of Line) layer 
320, and a BEOL (Back End of Line) layer 330. The FEOL 
layer 320 comprises devices of the chip 110.1 (transistors, 
resistors, etc.) The BEOL layer 330 comprises interconnect 
system (wires and dielectric regions isolating the wires). 
Low-K materials are usually used in the BEOL layer 330. 
As a result, the BEOL layer 330 is susceptible to cracking 
the most (compared with other layers 310 and 320 of the 
chip 110.1). 

[0022] | n the embodiment, for the chip 110.1, while the laser 

beam 220 cuts through the segments A1A2, A2A3, A3A4, 
A4B1, B1B2, B2B3, B3B4, B4C1, C1C2, C2C3, C3C4, C4D1, 
D1D2, D2D3, D3D4, and D4A1 (FIG. 2) in any order, the 



laser beam 220 cuts deep down through the entire thick- 
ness of the chip 110.1. For instance, at point M (FIGs. 2 
and 3), the laser beam 230 cuts from top point M deep 
down to point M at the bottom 340 of the chip 110.1 
(FIG. 3). 

[0023] | n an alternative embodiment, for the chip 110.1, while 
the laser beam 220 cuts, in any order, through the seg- 
ments A1A2, A2A3, A3A4, B1B2, B2B3, B3B4, C1C2, C2C3, 
C3C4, D1D2, D2D3, and D3D4 (FIG. 2) which are not on 
the chip boundary lines, the laser beam 220 cuts deep 
down through the entire thickness of the chip 110.1. 
Then, the other chips 110.2, 110.3, 110.4, 110.5, and 
110.6 are cut in a similar manner. Finally, while the saw 
blade 240 makes 4 horizontal straight-line cuts along the 
chip boundary lines X1X3, X4X6, X7X9, and X10X12 and 3 
vertical straight-line cuts along the chip boundary lines 
X1X10, X2X11, and X3X12, the saw blade 240 cuts deep 
down through the entire thickness of the wafer 100 (FIG. 
3). 

[0024] | n yet another alternative embodiment, while the laser 

beam 220 cuts, in any order, through the segments A1A2, 
A2A3, A3A4, B1B2, B2B3, B3B4, C1C2, C2C3, C3C4, 
D1D2, D2D3, and D3D4 (FIG. 2) which are not on the chip 



boundary lines, the laser beam 220 cuts only as deep as 
the BEOL layer 330 of the chip 110.1. For instance, at 
point M, the laser beam 230 cuts from top point M down 
to only point M" (FIG. 3). As a result, dicing can be per- 
formed faster than if cutting were through the entire chip 
thickness. Then, the other chips 110.2, 110.3, 110.4, 
110.5, and 110.6 are cut in a similar manner. Finally, 
while the saw blade 240 makes 4 horizontal straight-line 
cuts along the chip boundary lines X1X3, X4X6, X7X9, and 
X10X12 and 3 vertical straight-line cuts along the chip 
boundary lines X1X10, X2X11, and X3X12, the saw blade 
240 cuts deep down through the entire thickness of the 
wafer 100 (FIG. 3). As a result, the laser-cut segments 
A1A2, A2A3, A3A4, B1B2, B2B3, B3B4, C1C2, C2C3, C3C4, 
D1D2, D2D3, and D3D4 (FIG. 2) form four crack propaga- 
tion prevention channel 250.1, 250.2, 250.3, and 250.4 in 
the BEOL layer 330. Any crack occurring at the sharp chip 
boundary corners XI, X2, X5, and X4 in the BEOL layer 
330 (FIG. 3) and expanding through the corner regions 
260.1, 260.2, 260.3, and 260.4 (FIG. 2) will be stopped by 
the crack propagation prevention channel 250.1, 250.2, 
250.3, and 250.4, respectively. 
[0025] | n one embodiment, the wafer 100 is thinned by polishing 



its bottom surface 340 (FIG. 3) before using laser beam 
220 for dicing. As a result of decreased wafer thickness, it 
takes less time for the laser beam 220 to make the cuts. 

[0026] | n the embodiments described above, the wafer 100 has 6 
chips 110.2, 110.3, 110.4, 110.5, and 110.6. In general, 
the wafer can have any number of chips. 

[0027] | n t he embodiments described above, the cutting at the 

four right-angle chip boundary corners XI, X2, X5, and X4 
of the chip 110.1 are performed in the same manner. The 
result is shown in FIG. 2. Alternatively, the cutting at each 
of the four right-angle chip boundary corners XI, X2, X5, 
and X4 of the chip 110.1 can be performed in a unique 
manner. For example, at the right-angle chip boundary 
corner X2, the cutting can go through 9 straight-line cut 
segments instead of 4. More specifically, at point Bl, the 
cutting can steer to the right 10° (i.e., 90°/9) from the 
eastern direction and continuously goes to B2. At point 
B2, the cutting can steer to the right 10° from the current 
direction and continuously goes to B3, and so on until the 
cutting reaches point B10 (not shown) such that B1B2, 
B2B3, and B9B10 are equal in length. In general, at 
each of the right-angle chip boundary corners XI, X2, X5, 
and X4 of the chip 110.1, the cutting can go through N 



equal, straight-line cut segments (N is an integer greater 
than 1). Moreover, N can change from one right-angle 
chip boundary corner to another. 
[0028] while particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 
are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



